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MODERNIZED ARITHMETIC. 

When the troubled educational situation has found its new 
equilibrium in a thoroughly modern and thoroughly organized 
curriculum for the elementary school, no subject will be found to 
have profited more than the arithmetic from the effects of the 
period of general disturbance and readjustment of levels through 
which we are now passing. This will be true, moreover, not 
because arithmetic will have changed its essential character, but 
because the scale for estimating its value as a school subject will 
have changed. It takes no seer to discern that the lashing of 
the waves of popular and semi-professional disapproval of formal- 
ism and archaic ideals in elementary teaching must sooner or 
later wear away the crust of tradition and leave exposed some 
bed-rock principles of education. Nor is it pure optimism to 
believe that this period of new educational ideals is near at hand. 
When it shall have arrived, the old conception that the chief value 
of arithmetic in the schools consists in the mental discipline it 
affords will have yielded primacy to the conception that the chief 
value of arithmetic as a school subject is economic. Arithmetic 
will in the near future be looked upon as that common school 
subject which in a pre-eminent degree puts the pupil into an 
intelligent appreciation and a working understanding of the 
forces and factors which are shaping community life. 

As an ideal this latter conception of the function of arithmetic 
receives the general consent of the leading educators even now. 
About the only criticism made against it is the practical difficulty 
of securing suitable subject-matter and teachers sufficiently awake 
to the educational needs and possibilities of community life to 
handle the right sort of problems intelligently in the schoolroom. 
As a matter of fact, the most pressing need of the time in 
arithmetical bibliography is a text-book packed with practical 
problems dealing with the quantitative aspects of school and 
social environment. Such texts are, however, tardily appearing, 
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and there is every reason to expect them to become plentiful 
before long. Teachers can render no truer service to contem- 
porary arithmetic than by discovering and publishing new aspects 
of quantitative study of community life and school environment. 
Many progressive teachers are engaged in such work, but every 
grade teacher ought to be engaged in it. To say nothing of the 
service he might thus render to others, his own teaching would 
be greatly vitalized through the mental attitude secured by such 
effort. For, after all, say what we may to the disparagement 
of the investigator who has never made a special study of the 
problems of the pedagogue, it has yet to be proved that the in- 
vestigator whose soul is aflame with a zeal for his science is not 
the very highest type of teacher. His spontaneous enthusiasm 
for the truth more than atones for his lack of acquired technique. 
His pedagogical principles are buried in the subconscious realm, 
and his practice is the most truly pedagogical of all. 

A first prerequisite to putting arithmetic in the grades on an 
economic basis — i. e., toward socializing it — is to bring ele- 
mentary teachers to a realizing sense of the high educational 
value of a mastery of one's environment. A second prerequisite, 
which is at the same time a prime condition for the successful 
carrying out in the class-room of the idea just mentioned, is that 
this conviction shall rest so heavily upon the professional con- 
science of the grade teacher as to constrain him to identify 
himself vitally with his environment and to acquaint himself fully 
with the quantitative facts and factors which have a determining 
influence on the life of the particular community of which his 
school is the focus, and also those which have to do with 
shaping the larger life of the nation. Most of the evils of which 
the intelligent citizenship of our nation complains have their 
origin in the fact that teachers are willing slaves of the books. 
So conservative are the book-makers that the age which called 
for the solution of new problems must be well advanced, if indeed 
not wholly passed, before the new problems get to the teaching 
public in book form. The result is that the public schools that 
are manned and managed by book-slaves are turning out young 
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men and women equipped to take their places in the life of a 
bygone epoch rather than in that of the immediate present and 
future. From such schools the wonder is not that the school is 
debited with so many failures, but rather that it is debited with 
so few. 

To the student of the present situation as regards elementary 
teaching, three phases of book-bondage are readily discernible 
among teachers. First, there are those who will have nothing 
to do with anything not already down in the books. The per- 
centage of teachers which may be properly classed in this group 
would seem amazingly large to anyone on first becoming familiar 
with the facts. Happily, however, the percentage is rapidly 
diminishing. Secondly, there are those who venture far enough 
toward the light of freedom to replace certain numbers in prob- 
lems by numbers more nearly fitting the facts of the community. 
And, thirdly, there are those who are ready to admit work in 
arithmetic from sources outside of the book after the validity of 
such work has been demonstrated in terms of what is already 
in the book. Then, thanks to modern progress, there is a fourth 
class of teachers not bookish in any blameworthy sense, which 
class is rapidly growing, who avail themselves of a text-book 
when it is a real help to the purpose in hand, and set it aside when 
it hinders. These are the teachers who use the book, but are 
not used by the book. Realizing that a good text may give trend 
and steadiness to the work of the learner, such teachers have no 
fear of the book, for the reason that they are above it, and have 
no difficulty in keeping the servant from becoming the tyrant. 
Fortunate, indeed, is it for education that there is always with 
us a goodly number of sane teachers, afflicted neither with text- 
book mania nor text-book phobia, who see in education some- 
thing more profound and more potent than knowledge-getting — 
something the record of which is to be read in the growing 
powers of the child. Such teachers are the seed-corn of a crop 
whose fruitage will bless the next generation. They are the 
harbingers of a new educational era. May their tribe increase ! 

With the awakening civic conscience of which we are gaining 
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certain glimpses here and there will come a profound socializing 
of the teaching force in the elementary school. What is aspira- 
tion today will be realized tomorrow. Grade teachers will then 
not be satisfied with a pious wish that they were able to handle 
their environment in the arithmetic class; they will actually 
equip themselves for efficient service in this direction. Such 
subjects as the following will then be regarded as matters of 
course in arithmetical teaching, and not as mere fits and fads of 
professional eccentricity. The proper gradation of topics and of 
the treatment of individual topics, as also the extent to which 
the study of a particular topic should be carried, must, of course, 
always be carefully attended to. These important matters are, 
however, no more difficult with topics pertaining to the life of 
today than with those relating to the life of a past epoch, or, 
worse still, to nothing at all that is comprehensible to the pupil. 

MODERN TOPICS FOR ARITHMETIC. 

i. Meteorology: temperature, rainfall, barometric data; clear, fair, cloudy 
weather records ; and yield of farm products for particular localities and 
for particular years and periods. (See Rational Grammar School Arith- 
metic, Scott, Foresman & Co., Chicago.) 

2. Dairying and grazing. 

a) Butter and milk yield of individual cows, herds, and localities. 

6) Consumption of butter, cheese, and milk of communities and of the 

entire country. (See Chicago News Almanac for data.) 
c) Ranching and beef consumption of the country. 

3. Manufacturing industries. (See Twelfth U. S. Census and newspaper 
almanacs.) 

a) Wool, cotton, sugar, iron and steel, and other industries. 

b) Consumption of products of these industries by the country. 

c) Making and refining coal oil, gasoline, benzine, naphtha, etc. 

4. Mining industry. (See Twelfth U. S. Census for data.) 

a) Coal, iron, lead, copper, zinc, silver, and gold mining. 

b) Ore extraction and reduction. 

5. Transportation. (See the Census; almanacs; and Thurston's Economics 
and Industrial History, Scott, Foresman & Co., Chicago.) 

o) Transportation by land and by water, and comparative cost. 
b) Street and electric railways. (See Census Bulletin No. 3.) 

6. Growth and distribution of population. (See Rational Grammar School 
Arithmetic, Scott, Foresman & Co., Chicago.) 
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a) Population of the United States distributed as to geographical and 
political subdivisions. 

b) As to elevation above sea-level and as to mean temperature and 
rainfall. (See Tivelfth U. S. Census.) 

c) Comparison of growth of population of the United States with that 
of other countries. (See newspaper almanacs.) 

7. Roads and pavements. (See standard treatises and Engineering Pocket- 
Book.) 

a) Wagon roads, turnpikes, and railroads; cost of construction, main- 
tenance, and operation. 

b) Force needed to draw loads over. (See Rational Grammar School 
Arithmetic.) 

c) Numerical problems relating to railroads. (See ibid.) 

8. Commerce in the rivers, canals, Great Lakes of the country, and by sea. 
(See Thurston's Economics.) 

9. Business affairs. (See Rational Grammar School Arithmetic; Beman 
and Smith's Higher Arithmetic, Ginn & Co.) 

a) Percentage with many other than money problems. 

b) Interest by methods actually used in business. 

c) Partial payments as actually used. 

d) Compound interest by methods in vogue. 

e) Applications of percentage, as in marking goods; trade discount; 
bank discount; domestic and foreign exchange; stocks and bonds. 
(See newspaper quotations.) 

f) Loan associations and savings banks. 

10. Nature study. (See Rational Grammar School Arithmetic; Jackman's 
Number work in Nature Study for the Grammar Grades, Macmillan.) 

a) Habits of animals. 

b) Planning and seeding a school garden. 

c) Distribution of seeds. 

d) Growth of trees and other plants. 

e) Study of mechanical constituents of soils. 

/) Movements of sun and moon ; length of day, month, and year, studied 
observationally and from data of patent-medicine almanacs. 

g) Distribution of sun's rays of heat and light. 

11. Physical measurements. 

a) Growth from month to month and from year to year in stature, 
weight, girth, chest measure, and lung capacity of children. 

b) Vital statistics relating to birth- and death-rate of cities. Different 
cities compared. 

c) Length of jump; distance of throwing the ball or of putting the shot; 
throwing at a target. 
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12. Geometry in the grades. (See Rational Grammar School Arithmetic.) 

a) Manual training-scale drawing. 

b) Elements of land surveying and field measurements. 

c) Modeling geometrical, forms. 

d) Experimental and constructive work. 

e) Paper folding. 

f) Platting data. 

13. Geographical work. 

a) Length, fall and commerce of rivers. 

b) Percentage problems relating to relief of countries and continents. 

c) Percentage of land and water surface of countries and continents. 

14. Longitude and time. Local and standard time and date line. 

15. Algebra in the grades. 

a) Representation by letters of numbers generalized from arithmetical 
number, and formulation of arithmetical processes in equations. 

b) Study of equations, showing simple relations between forces and loads 
needed to draw them. 

c) Use of simple equation in solving percentage and interest problems. 

As an aid in the distribution of work on these topics in the 
different grades it will be well to note that the first conception 
of number is a group of individuals. Accordingly the number 
concept has its genesis in counting things, or, what comes to the 
same thing, in the indefinite measurement of groups of objects. 
Some time early in the first grade this stage of the number con- 
cept naturally passes into the concept of number as an instrument 
of direct measurement'. This stage is reached through the. natural 
craving of the mind for' greater definiteness than is possible 
through counting. These are the two stages of the number 
concept out of which the notions of arithmetical number and its 
uses must be evolved, and upon which the tabular machinery of 
arithmetic must be gotten into working order. 

This will require the first four or five grades. In these grades, 
therefore, the meaning of number and how to use it are the ideas 
occupying the focus of attention of the pupil, and they should 
receive chief stress in the teaching. Pupils should be continually 
employing their number faculty on real problems, the content of 
which should at first be easily grasped by them, to the end that 
the emphasis of thought may be on the disengagement of the 
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number concept and its uses from numbered things and magni- 
tudes. 

The guiding principle of the first four or five grades in 
arithmetic — "Employ useful and interesting materials for the 
sake of the number concept," should be changed by the fifth 
grade into, "Employ the number concept for the sake of an 
understanding of useful and interesting material." This shift 
of emphasis means much more in the arithmetic than is commonly 
thought. In the latter grades it is important that there shall be 
some difficulties to overcome. 

Indirect measurement, for which the pupil is now ready, 
should play a leading role all through the grammar school. By 
indirect measurement is meant that sort of measurement in which 
unknown magnitudes must be arrived at indirectly through their 
relations to known magnitudes or to magnitudes that can be 
directly measured. Such measurement has to do pre-eminently 
with relationships among numbers and magnitudes. It is in this 
work that the pupil comes to an intelligent understanding of 
number as ratio. The pupil of the sixth grade, if his previous 
training in arithmetic has been of the right sort, may profitably 
undertake the study of number and numerical relations of magni- 
tudes on the basis of the ratio idea of number. It is about 
equally unwise to undertake to teach this idea earlier and not 
to teach it here. It is about equally stupid to undertake the ratio 
idea too early and not to undertake it at all. The order of steps 
in the evolution of the number concept is such as is best exempli- 
fied in the physical series: (i) indefinite measurement, (2) 
direct measurement, and (3) indirect measurement. 

For the aid of anyone who has never tried such material in 
teaching arithmetic as is advocated in this paper, and also to give 
an example of how such topics as the foregoing may be handled 
to secure connected thinking on the pupil's part, without the 
sacrifice of needful drill, the subject of street and electric rail- 
ways is selected for treatment here. The data are taken from 
Bulletin j of the United States Census Office. An important 
feature of the development of such topics as this in the arithmetic 
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is, we insist, in the connectedness and sequence of the work. 
The customary scattering problems of the arithmetics secure 
variety at the expense of connected thinking — rather an expensive 
price to pay. Finally, no teacher will make the mistake of think- 
ing this topic must be worked out as fully as is here given with 
poorly prepared classes. It is developed with some completeness 
here to show what may be done with strong sixth- or seventh- 
grade classes in the way of correlating arithmetic with matters 
of real social concern. 

ILLUSTRATIVE WORK, 
i. The Chicago & Joliet Electric Railway Co. uses 46.19 miles of principal 
main track, 14.40 miles of secondary main track, and 2.30 miles of sidings 
and turnouts. What is the total mileage, and what percentage of the 
total is each kind of track? 

2. 38.92 miles of this track is owned and the rest is leased by the company. 
How much is leased? What percentage of the track is owned? leased? 

3. 39.13 miles of the track lie without the city limits. What percentage of 
the track lies without the city limits? Within the city limits? 

4. The maximum weight per yard of rails used is 106 pounds and the 
minimum is 60 pounds. The heavier weight of rail is used within the 
city limits and the lighter is used wthout. Fnd the total cost of rails for 
the road @ $31.75 per long ton (2,240 pounds). 

5. The total length of the 27 bridges owned by the company is 800 feet. 
What is the average length of a bridge? 

6. 31.51 miles of the trolley wire are supported by a span wire, 13.05 miles 
by a side bracket and 1.63 miles by center poles. What percentage of the 
whole is supported in each way? 

7. There are 53 trolley poles per mile. What is the average distance apart 
of the poles? 

8. The company uses 32 closed and 16 open passenger cars, 24 freight cars, 
and 4 open and 4 closed combination passenger and freight cars. What 
percentage of the cars are combination cars? Closed passenger cars? 
Freight cars? Open combination cars? 

9. 64 of the cars are equipped with hand brakes and 16 with electric brakes. 
What percentage of all is equipped with electric brakes? 

10. In 1902 the road carried 4,439,692 fare passengers and 575,220 transfer 
passengers. The fare passengers comprised what percentage of all? 

11. Find the number of fare passengers per mile of track. 

12. The total number of miles run by passenger cars was 1,346,654. How 
many fare passengers did this give per mile of passenger-car run? How 
many miles run did a passenger car average? 
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13. During the year there were 71 passengers injured and 1 killed; 13 em- 
ployees injured and 3 killed; 15 other persons injured and 2 killed. Find 
the total number of killed and wounded, and what percentage this number 
is of the total number of passengers and employees (1,360) carried. 

74. The total number of passengers carried, killed and injured by all street 
and electric lines of the United States in 1902 were 4,809,554,438, 1,218, 
and 47,429, respectively; of employees the corresponding numbers were 
I 33,°4 I » I22 > and 26,690, respectively. There were 831 other persons 
(not being carried) killed and 17,040 injured. Find the total number of 
the killed and the total number injured, and what percentage each is 
of the total number of passengers and employees. 

15. The table given here shows the distribution of street and electric railway 
traffic with reference to the principal geographical divisions of the United 
States in 1890 and 1902. Fill out the blanks of the table and compute 
the percentages of increase in the numbers of the blank third, fourth, and 
fifth columns. Tell what these percentages signify. In which geographical 
division has each percentage of increase been greatest? Least? 

TABLE I. 

Street and Railway Service in Relation to Geographical Divisions of 

the United States. 



Division 


Year 


Population 
(in Millions) 


Passengers 

Carried 

(in Millions) 


Average No. 

Rides 
per Person 




1902 
189O 

1902 
1890 

1902 
1890 

1902 
1890 

1902 
I890 

1902 
IS90 


21 .05 
17.40 

IO.44 

8.86 

2<>-33 
22.36 

14.08 
10.97 

4.09 
3-03 

75-99 
62.62 


2,618.53 
1,141 . 19 

















332.54 
IOI.65 















1,344.00 
538.3I 






■ 






South Centra] 


210. 10 
98.OI 


• 










304-38 

143-86 

















4,809-55 
2,023.01 
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16. Study Table II., fill out the blanks, and tell what the numbers you fill 
in mean. What change is noticeable in the various kinds of motive 
power since 1890? Which kind of motive power promises to supersede 
all others for street-railway service in the United States? 

TABLE II. 
Development of Motive Power of Street Railways of the United States 

from 1S90 to 1902. 





1902 


1890 


Percentage of In- 
crease or Decrease 


Kind of Power 


No. Com- 
panies 


Miles of 
Track 


No. Com- 
panies 


Miles of 
Track 


No. Com- 
panies 


Miles of 
Track 




747 
67 
26 

9 


21,920.07 
259. 10 
240.69 
169.61 


126 
506 

55 
74 


I,26l .97 

5,661.44 

488.31 

711-30 


■ — ■ 






Cable 






Total in U.S... 











17. 



Find the total number of employees of street and electric railways of 
Illinois and of the United States, and find the average yearly wage for 
each class of employees enumerated in Table III, which contains the 
data for 1902. 

TABLE III. 
Employees of Street and Electric Railways of Illinois and of the 

United States. 





Illinois 


United States 


Class 


Number 


Total 
Wages 


Average 

Annual 

Wage 


Number 


Total 
Wages 


Average 
Annual 
Wage 




96 
603 

107 

97 
104 

183 

67 

191 

732 

14 

2,348 


$ 62,457 
346,333 

59,912 
71,274 
92,442 

109,655 

47,7» 

124,463 

498,597 

7,405 

1,118,681 




1,198 
»,474 

1,345 
2,288 

i,75i 

1,167 
1,150 
2,694 
9,197 
338 
16,137 


$ 728,975 
5,5H,425 

813,425 
1,553,478 
1,527,793 

761,304 
901,524 

1,735,647 
6,312,119 

197.254 
8,495,983 




Road and track men 
Hostlers and stable- 






















Dynamo and switch- 















Lamp trimmers 

Other employees. . . . 





























18. How do the average annual wages for Illinois and for the United States 
in 1902 compare with the wages of men of the same class in your com- 
munity ? 
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In all such work as the foregoing due regard must be had 
to movement and arithmetical unity. The unity which is prom- 
inent in the study just outlined is the economic significance of 
such railways in the development of our country. This unity 
will hardly be lost sight of, since it is the most immediate, the 
most concrete, and is the unity in which the pupil's thought and 
interest are centered. It is, indeed, this very unity that puts 
purpose into the study. But arithmetic must also be taught, and 
whether it be taught incidentally or for its own sake (if the 
latter were possible), it is unfair both to pupil and to subject 
to blind the learner to the only thing which can give arithmetical 
purpose to his effort ; viz., the relation of the quantitative content 
of the subject-matter to the science of number. At the close of 
such work as the foregoing illustration calls for the arithmetical 
principles should be clearly brought out, that the pupil may 
not fail to see what he really had to do, and what it is he must 
master if he wishes to augment his power to do similar work. 
In our rational recoil from the study by immature pupils of a 
formal subject for its own sake the writer has seen more than 
a theoretical danger that we may go to the irrational extent of 
failing to teach arithmetic at all. This would be followed by 
another swing of the scholastic pendulum back to dead formalism, 
and everything would then have to be gone over again. If 
however, a study of the kind illustrated secure sufficient drill in 
operations with decimals and in finding percentages, the next 
topic should be selected with a view to teaching and drilling in 
other necessary principles and processes. It is well for arithmetic 
teachers never to lose sight of the fact that their office is not to 
train experts, but to educate youth. Education means movement 
under the stimulus of purpose, and to be educative arithmetical 
teaching must not lack in either unity or movement. 

G. W. Myers. 

The University of Chicago 
College of Education. 



